Desert wheatgrass, (Agropyron desertorum (Fisch.) S c h u 1 t.) , has been established on many thousands of acres of rangeland for the control of halogeton, (Halogeton glomeratus C. A. Mey.), which has become widespread in the western states. Vigorous stands of desert wheatgrass have not only suppressed halogeton growth and greatly reduced the hazard of livestock poisoning, but they have also increased range productivity. However, in areas where saline or saline-alkaline soils are prevalent, many sites within desert wheatgrass plantings, an d in some instances entire plantings, have failed to produce a satisfactory stand of grass. Here halogeton and other annual weeds thrive on a disturbed site free of competition f r 0 m perennial. vegetation.
Erickson et al. (1952) and Tisdale and Zappetini (1953) have reported that some halogetoninfested sites have failed to support vigorous stands of grass. Tisdale a n d Zappetini (1953) concluded that the high salt content of the soil and the presence of vigorous stands of halogeton seemed responsible for increased seedling mortality of de s e r t wheatgrass.
Miller (1956) concluded that if sufficient grass is present, halogeton will be scanty or absent. However, these studies failed to segregate the effects of salinity from the effects of annual weed competition on the establishment of the grass seedlings.
Soil salinity data in reference to the distribution of native shrub vegetation have been reported by Billings (1949) ) Fautin (1946)) G a t e s et al. (1956) ) Shantz (1938) , Shantz (1940)) and Stewart et al. (1940) ) but none of these investigators have given information regarding the effect of soil salinity on the establishment of perennial vegetation under a r i d conditions. However, available information indicates that soil salinity predominately influences p 1 a n twater relationships. Eaton (1941) showed that osmotic pressure, rather than specific ion effect, is primarily involved in water uptake. Wadleigh a n d Ayers (1945) found that similar effects were produced on plants regardless of whether water stress was due to osmotic forces or to moisture tension. F u r t h e r m o r e, Magistad et al. (1943) found that sodium was not an unduly toxic ion.
Since both soil salinity and weedy vegetation were suspected of influencing the establishment and growth of desert wheatgrass, a study was initiated in 1954 to determine:
(1) the amount of soil salinity which desert wheatgrass will tolerate during the establishment period, (2) the influence of soil salinity on the abundance and floristic composition of annual weed populations, (3) the influence of annual weeds on the establishment of desert wheatgrass under saline and non-saline conditions, and (4) the influence of soil salinity and annual weeds on the forage yield of desert wheatgrass.
Materials and Methods
A study site was selected in the Raft River Valley, Cassia county, Idaho, on a soil type tentatively classified as Idahome silt loam. Before plowing in September 1954, the land was producing a dense, vigorous stand of big sagebrush, (Artemisia tridentata Nutt.), on the study a r e a. Only scattered, broadleaved annuals grew among the brush. Analyses of the soil at the study site revealed that the soil was uniformly non-saline.
Sodium chloride was added to the non-saline soil at rates of 0, 20, 40 and 80 pounds per 1.5-square-rod plot. The resulting salinity levels will be referred to as "control," "low," "moderate," and "high," respectively. The salinization treatments were Soil samples were collected from all plots at four soil depths (O-3, 3-9, 9-15, and 15-18 yield data were collected from random samples t a k e n from within each plot, but the 1959 data were collected from the entire plot area. the saturated soil paste and electrical conductivity readings were taken from the saturated soil extract. Both pH and electrical conductivity readings were made according to procedures outlined in Agricultural Handbook 60 (1954) .
Monthly precipitation was recorded at the study site from October through September throughout the duration of the study. These data are compared with the g-year precipitation record from Malta, Idaho.
Results and Discussion
Soil Salinity
and Soil Moisture
Analyses of the soil samples collected in 1956 revealed that the salinity levels ranged from non-saline on the untreated check to moderately high salinity with the high salt application ( Figure 1 ). It is apparent from the electrical conductivity data taken in 1959 that during the course of the study the salts leached from the surface 9 inches of soil into the lower soil horizons ( Figure 2 ). According to information published by the U.S. Salinity Laboratory (1954)) it may be concluded that the level of salinity in the lower horizons is sufficient to permit growth of only salt-tolerant species.
The moderate salinity level is within the range that restricts the growth of many crop plants and the low salinity level is only slightly more saline than the non-saline control.
The soil pH measurements recorded in both 1956 and 1959 indicate that the soil alkalinity was not significantly changed at any soil depth by the sodium chloride treatments. The soil reaction was variable at all salinity levels; ranging from pH 7.8 to 8.3.
The total precipitation for each of the years, 1955 -56, 1956 -57, 1957 -58 and 1958 -59, was 8.4, 11.5, 8.1 and 8.3 inches, respectively. Although 1956 , 1958 , and 1959 totals are similar and approach the g-year mean of 9 inches for this area, the distribution of precipitation in the spring in 1956 was much more favorable for plant growth than during this period in 1958 or 1959. Moisture contents of soil samples collected in July 1956 varied from 3.1 to 4.8. Those collected in July 1959 varied from 3.6 to 3.9 percent.
The low soil moisture in early July indicates that essentially all available soil moisture is depleted at this time. Usually, the soil moisture is only replenished by late fall or winter rain and snow.
Weed and Grass Populafions
The effects of soil salinity on desert wheatgrass, halogeton
Russian thistle, (SaZsoZa kali L.) , and other annual weeds for 1956, 1957, and 1958 are shown in Table 1 . During the establishment year, more than twice as many desert wheatgrass plants were present on the non-saline plots than on the high salinity plots. In 1957, desert wheatgrass numbers decreased to about onethird of the original stand with a greater percentage decrease occurring with each increased level of salinity.
Desert wheatgrass populations continued to decline into the third growing season with greater declines continuing with increased salinity.
In 1957, the numbers of halogeton plants were found to increase as the salinity levels increased.
Conversely, the numbers of Russian thistle plants decreased as the salinity levels increased. In 1958, halogeton and Russian thistle populations were reduced at all salinity levels, but population trends of these two species were the same as in 1957. These trends indicate that increased soil salinity is more favorable for the growth of halogeton than for Russian thistle or desert wheatgrass. Halogeton density-, 5% Significance level Desert wheatgrass density-5% Significance level ing the 1956 growing season. July treatments gave approximately 85 percent control of halogeton and Russian thistle. Table 2 shows the effect of the 1956 2,4-D treatments on the total annual weed populations in 1957 and 1958. In addition to halogeton and Russian thistle, claspingleaved peppergrass and flixweed are included in the total annual weeds. In 1957, the annual weed populations in the early 2,4-D treatments were about one-tenth as great as those on the unsprayed check. However, by 1958 the annual weeds had increased on all sprayed plots and were not significantly less than on the unsprayed treatment regardless of the level of salinity.
Halogefon and Desert Wheafgrass
Ground Cover was greater at each increased Table 4 shows the effect of soil salinity level and did not change salinity and 2,4-D treatments on greatly from 1957 to 1959. (Table  the percent ground  cover  of  3) . On sprayed plots, halogeton desert wheatgrass in 1957 and appeared to increase at the high-1959. Only the differences due est level of salinity and to deto soil salinity were significant crease at the lower levels; howin 1957. In 1959, the average ever, these differences are not desert wheatgrass cover on the statistically significant. sprayed plots was nearly double that of unsprayed plots. This increase was highly signif icant. Thus, the removal of the weedy vegetation during the establishment year and the subsequent reduction of weeds in the second year permitted the development of more vigorous desert wheatgrass plants on sprayed plots. Covariance a n a 1 y s e s indicated that the ground cover for halogeton in 1959 was inversely related to the desert wheatgrass cover. In 1959, desert-wheatgrass-stand differences accounted for more than 90 percent of the variation in halogeton cover on sprayed vs. unsprayed plots. However, when the influence of desert wheatgrass cover was removed, a significantly greater halogeton cover remained on the higher levels of soil salinity. These relations indicate that halogeton will persist in established desert wheatgrass stands at a level inversely proportionate to the density of the grass stand, but a relatively greater halogeton cover can be expected with increased soil salinity. The relation of halogeton to desert wheatgrass at the various salinity levels is shown graphically in Figure 3 .
Deserf Wheafgrass Yields
Desert wheatgrass yields for 1958 and 1959 are contained in Table 5 . Soil salinity was a major factor in reducing yields in both years as forage yields were inversely correlated with the mean soluble salts in the soil. Decreased yields due to increased soil salinity were associated with both stand reductions and lower yields from individual grass plants.
Desert wheatgrass yields were decreased approximately 58 and 77 pounds per acre for each 0.1 percent increase in soluble salts in 1958 and 1959, respectively. In 1959, the yields of desert wheatgrass were significantly greater on plots which had been sprayed with 2,4-D. Since there were no significant differences in halogeton or other annual weeds on sprayed and unsprayed plots in 1958 or 1959, it is evident that the yield differences were not caused by current weed competition.
Therefore, the significant yield differences on sprayed and unsprayed plots must be ascribed to the vigor of 209 the grass stand during the year of establishment. These yield differences indicate that favorable establishment conditions have a long-term influence on the yield potential of desert wheatgrass plantings.
The pronounced influence of soil salinity on establishment and productivity of desert wheatgrass indicates the hazard of attempting to establish this grass on saline sites. The results of this study also suggest the possibility of utilizing soil analyses for determining the desirability of marginal sites for desert wheatgrass plantings.
Summary
The effects of soil salinity and the control of annual weeds on the establishment of desert wheatgrass were studied on artificially salinized plots. Four soil salinity levels were created on a medium-textured soil by adding sodium chloride at rates of 0, 20, 40 and 80 pounds per 1.5 square rods before seeding desert wheatgrass.
The salinity conditions ranged from non-saline to a salinity level which would permit growth of only salt-tolerant species. The pH of the soil was unchanged at the several levels of salinity.
Halogeton was more tolerant to soil salinity than Russian thistle or desert wheatgrass. Russian thistle was more readily 
